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Abstract A new concept for a holistic exploitation of the
bauxite residue (BR) is presented, where a multitude of
niche and bulk application products are produced, leading
to a near zero-waste, financially viable, and environmen-
tally benign process. Based on the combination of recent
research results, the ‘‘Mud2Metal’’ conceptual flow sheet
was developed in order to produce added value products
rationalizing BR sustainable valorization. The Mud2Metal
flow sheet is analyzed technologically, environmentally,
and economically, addressing the challenges and the effects
of each processing step, for the case of the Greek BR. The
Mud2Metal flow sheet is focused on the selective removal
of rare earth elements, the subsequent production of pig
iron for the iron and steel industry, and the valorization of
the residual slag’s engineered mineral matrix into a variety
of building materials. Based on further technological
innovation and flow sheet integration/optimization, the
plant operation could become economically profitable for
the alumina industry, environmentally benign, and socially
acceptable; in one word: sustainable.
Keywords Bauxite residue  Red mud  Zero-waste  REE 
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Introduction
During alumina production from bauxite ore through the
Bayer process, a digestion residue is produced in the form
of a red slurry, often termed as ‘‘red mud.’’ On dewatering,
this by-product amounts to an almost 1:1 mass ratio with
the alumina produced and is called bauxite residue (BR)
since it embodies the undissolved portion of the processed
bauxite ore [1]. A vast amount of research effort is spent on
the effective utilization of BR [2–4]. Although numerous
projects and research efforts attempt to utilize BR as a
source for the production of a raw material (e.g., blast
furnace for pig iron production) or to utilize it as a feed-
stock in another industry (i.e., raw meal in cement kilns
[5, 6]), real-life cases of industrial utilization of BR are
currently scarce and can only be applied on a small fraction
of the produced BR [71]. This is largely because most
solutions proposed aim at using BR as a raw material
substitute in a single established industrial process leading
to uneconomic or potentially disruptive processes. Direct
utilization options for BR in large-scale, low-cost appli-
cations like clay-ceramics production or soil additives have
been developed for more than 20 years and yet have never
been applied. Figure 1 illustrates examples of BR utiliza-
tion options investigated at the Aluminium of Greece
refinery (AoG) in collaboration with a number of institu-
tions including National Technical University of Athens
(NTUA), University of Patras, and Aristotle University of
Thessaloniki. Efforts have been primarily directed for the
production of high-volume building materials, i.e., aggre-
gates, ceramics, cement, followed by higher added value
applications, i.e., glass–ceramics and catalysis [8]. The
aftermath of this intense effort is didactic: currently only
about 10,000 t of the Greek BR is used as a raw material
for clinker cement production. Other processes although
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being technologically robust, have yet to prove financially
viable.
Indeed, using BR as an iron (or alumina) source in
clinker cement production is perhaps the most widespread
BR utilization option varying between 500,000 and
1,500,000 t per year worldwide [7]. This amounts to less
than 1% of BR global production, as this practice is chal-
lenged by various factors ranging from transport cost and
logistics to limitations imposed by processing chemistry,
leading eventually to small amounts of BR in the raw meal
of the clinker.
Exploiting BR as a mineral source for iron (up to
48 wt% iron oxide in the case of Greek BR) cannot be as
economical as an iron ore concentrate (typically above
60 wt% iron oxide), and also direct feeding of BR in a blast
furnace is problematic due to the high soda content.
Therefore, BR is used in small amounts as iron ore
substitute.
The Greek BR stream, delivered as filtercake from filter
presses since 2012, contains (Fig. 2) significant amounts of
iron, aluminum, silicon, calcium, and titanium oxides as
well as smaller concentrations of critical and/or industrially
important elements such as rare earth elements (REEs)
(mainly Ce, La, Sc, Y, Nd), V, Cr, and others. Particularly
the high scandium content (120–135 mg/kg in Greek BR)
makes BR a valuable secondary resource [9]. However,
comparing BR with a REE mineral deposit of similar grade
[0.14% Total rare earth oxides (TREO) in the case of
Greek BR] is erroneous as BR cannot be beneficiated into
higher grade concentrates (i.e., 15–30% TREO or higher),
typically used in the REE industry, and which can be
economically exploited by established processes [10]. REE
concentration in BR produced has been found to be fairly
constant with only 8% variation over a period of 15 years
indicating that BR can be considered a reliable secondary
REE resource [11].
As of today, no single BR utilization route has been
found to be a stand-alone solution for 100% of all BRs
produced in an alumina refinery, as BR utilization in a
different industry is either technically complicated or
financially non-viable. Therefore, the idea of combining
more than one solution in an integrated processing flow
sheet is being pursued, producing products or raw materials
for more than one industry and thus securing financial
viability. Conceptually, this can be seen as an attempt to
form the core of industrial symbiosis hubs.
In the recent past, the ENEXAL RTD project [12] suc-
cessfully transformed AoG’s BR into pig iron and mineral
wool in a near zero-waste process. The process would be
financially viable or even profitable as long as both products
were sold. But since the mineral wool market in Greece is
limited to a size of 60,000–120,000 t (and transportation of
this light material over longer distances would be associated
with substantial costs), the process could not be applied to
100% of the annual AoG’s BR production. Moreover, REE
recovery was not foreseen in that process. Hence current
efforts are directed toward technological innovations that
will allowmultiple high added value products to be produced
under a single and flexible processing flow sheet, as shown in
Fig. 3. Under this approach, the multitude of products
secures both the financial viability of the flow sheet aswell as
the complete utilization (near zero waste) of the BR pro-
duced by the alumina industry. Iron alloy and cement are two
products with hugemarket applicationswhich can absorb the
Fig. 1 Examples of developed
and tested BR utilization
options in AoG since 1991
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majority of the BR volume. In addition, products for niche
market applications like REE compounds, Al–Sc master
alloy, mineral fiber products, and specialty cements, have
more limited markets in terms of product volumes but sig-
nificantly higher product values, resulting in strengthening
the financial aspect of the flow sheet and mitigating the risk.
The key processing steps of this flow sheet (Fig. 3) are
presented in the following sections. It should be noted that
this case study is based solely on the Greek BR which has a
relatively high iron and REE/Sc content. Different flow
sheets would be required for different BRs, and several
flow sheets have been proposed in the past. In most of the
reviewed cases [3, 4], a combination of sequential
pyrometallurgical and hydrometallurgical processing is
proposed for recovering iron, alumina, titanium, and REE
content. As shown in the present paper, the key barrier for
any combination of technological solution is the economics
of the flow sheet. Hence there is no single solution that can
be universally used in the BR valorization world, but rather
each solution has to be tailored for each refinery.
Fig. 2 Mineralogy and metal concentration of base and rare earths elements (wet chemical analysis). Loss of ignition (LOI), derives as steam
and CO2 from mineral decomposition up to 1000 C
Fig. 3 Mud2Metal flow sheet:
from BR ‘‘waste’’ to various
high added value products
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Hydrometallurgical Pre-treatment for REE
Recovery
Bauxite residue’s potential as a secondary resource for
REE production receives escalating attention [4, 9, 13–15]
since REEs are essential materials for applying greener
technology [16]. REEs have been labeled as highly critical
metals in terms of supply risk and energy-economic
importance in Europe and the United States [17, 18].
Investigations have shown that Greek BR contains *1 kg
REEs/t (incl. Sc) [19–21] and that this concentration is
fairly constant, with a variation of only 8% over several
years, whereas the enrichment factor of the rare earths in
BR compared to bauxite ore is about a factor of two. The
values of these REEs as separated REE oxides are pre-
sented in Table 1, where the economic dominance of
scandium is clearly observed. Despite the recent deflation
of REE prices, back to the levels of the 2010–2011 mar-
kets, scandium prices remain high with increasing trends
[22].
Scandium is an element of high technical and economic
importance mainly because of its applications in high
performance Al–Sc alloys [26] and in emerging solid oxide
fuel cell (SOFC) technology [27, 28]. Scandia-stabilized
zirconia (ScSZ) is found to be an excellent solid electrolyte
for SOFCs while Al–Sc alloys represent a new generation
of high performance alloys with superior properties over all
other aluminum alloys. In nature, scandium is rarely con-
centrated and remains widely dispersed in the lithosphere
as it lacks affinity to combine with the common ore-
forming anions. Therefore, its production is mostly based
on the by-product of the titanium and uranium industries
[9]. The global supply of scandium is currently estimated
to be about 10–15 t per year [22], and the price for
scandium oxide with 99.9% purity has risen in recent years
from $US 1500/kg to over $US 4500/kg. The low-volume
and high-priced Sc production has hampered the large-
scale applications for Al–Sc alloys particularly in the
aerospace industry. A viable BR valorization for scandium
could hold the key for increasing the global supply of
scandium and regulating its prices at levels where mass
scale application of Al–Sc alloy can take place.
REE extraction from BR and particularly scandium has
been studied either by direct hydrometallurgical treatment
(selective leaching) or by combined pyro-hydrometallur-
gical processes (smelting/roasting followed by slag leach-
ing) [3, 29]. Studies on selective leaching REE from BR
with dilute mineral acids such as nitric, hydrochloric, and
sulfuric acid have been extensively conducted with further
purification/enrichment of the pregnant solution by means
of ion exchange or solvent extraction [19, 30–34]. Also
sulfurous acid leaching [35], carbonization [36], bioleach-
ing [37], and ionic liquids [20, 38] have provided signifi-
cant results for selective leaching REE. An outline on
leaching REE from BR and leaching the resulting slag after
BR smelting is presented in Table 2.
In the present Mud2Metal flow sheet (Fig. 3), REEs
were chosen to be extracted selectively from the Greek BR
stream prior to pyrometallurgical processing. Selectivity in
leaching, especially against iron is crucial for producing a
low impurity pregnant liquid solution (PLS) stream from
which REE and Sc can be economically extracted with
established solvent extraction or ion-exchange technolo-
gies, avoiding Fe interferences. Such processes have been
successfully studied for the case of the Greek BR using a
variety of leaching agents [19, 20, 30, 31, 38]. Leaching
performance for the Greek BR in terms of increasing
selectivity of Sc against Fe follows the trend of
Table 1 REE values in Greek
BR
REE oxide Greek BR Prices Price year & ref. Value in 1000 kg of Greek BR
g/kg $/kg $ (%)
Sc2O3 0.21 3700 2013 [22] 777.00 95
Y2O3 0.15 8 2015 [22] 1.20 0
La2O3 0.18 2 2015 [22] 0.36 0
CeO2 0.59 2 2015 [22] 1.18 0
Pr2O3 0.04 119 2014 [23] 4.76 1
Nd2O3 0.15 65.9 2014 [23] 9.89 1
Sm2O3 0.03 15.6 2013 [24] 0.47 0
Eu2O3 0.01 787 2014 [23] 7.87 1
Gd2O3 0.03 12 2016 [25] 1.50 0
Dy2O3 0.03 379.6 2014 [23] 11.39 1
Er2O3 0.02 53 2016 [25] 3.20 0
Total 1.42 818.81 100
99.0–99.9% purity for all oxides
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HNO3[H2SO4[HCl [31]. Recovery rate of Sc during
selective leaching is limited in the range of 20–50% with
Fe dissolution\5%, whereas the rest of the REE can be
recovered with more than 80% efficiency, indicating the
different mineral associations between REE and Sc that is
found in BR [19, 38]. In most cases, selective dissolution
against Fe, Ti, Al, and Si is achieved but not against Ca and
Na which are easily dissolved during the process. Despite
successful selectivity in leaching, the PLS generated con-
tains REE ions in the range of 1–10 mg/L, while Fe and
other ions are in the range of several thousand mg/L
[19, 30]. Low concentration of REE in PLS is the outcome
of combining low REE content feeding material and
applying low pulp density (%w/v) during leaching.
Extraction of REE from the generated dilute solutions is
the key processing step which defines the economics of the
process. Conventional S–X methods require far too many
processing steps, and therefore several groups have inves-
tigated selective methods and extractants to be applied in
such a process [30, 33, 34, 39]. Ionic liquid HbetTf2 N [38]
is able to generate a concentrated acidic PLS after BR
leaching, increasing by many folds the concentration of
REE (*140 mg/L) and Sc (*45 mg/L), providing an
advantage on PLS purification using the above-mentioned
methods. Furthermore, the resulting solid residue obtained
after selective recovery of REE is concentrated in Fe and
depleted from Na and Ca (Table 3), thus making it more
suitable for its pyrometallurgical treatment for iron
recovery and slag valorization as will be discussed in the
following sections.
The economic impact of extracting Sc and REE from the
Greek BR can be very significant as
1. the REE content in the annual Greek BR production
amounts to 10% of the annual European REE imports
(8000 t per year) [17], taking into account mainly the
REEs with the higher concentration in BR (Y, La, Ce,
Nd);
2. the scandium content in BR (135 mg/kg) is considered
a financially exploitable concentration [9]; and
3. the leaching residue generated is rich in iron and
aluminum oxides, making it more suitable for use as
iron ore substitute in blast furnace or iron and alumina
source in cement kilns [5, 40].
Pyrometallurgical Treatment of BR for Iron
Recovery
Iron recovery from BR has been thoroughly investigated,
and the developed technologies have been reviewed in
several publications [3, 41–43]. The pyrometallurgical
recovery of iron from the BR valorises approximately half
of the Greek BR stream and at the same time alters the
properties of the remaining material (slag) in such a way
that it can be further processed, resulting in a zero solid/
liquid waste process. Solid state reduction roasting [44–46]
and reductive smelting [42, 47] are perhaps the most
promising ones for producing either high-grade magnetite
(Fe3O4) or metallic Fe. Through carbothermic reduction
Table 2 General remarks on REE leaching from BR and from slag after BR smelting/roasting
Potential Main issues addressed
BR direct leaching
REE selectivity against Fe, Ti, and in some cases Si Sc selectivity against iron is limited to about 45–55%
Na, Ca removal (neutralization of BR) No selectivity against Ca, Na, and a part of Al
Upgrade in iron content of the resulting residue Acid residues may interfere in the pyrometallurgical extraction of iron (depending on acid
used)
Slag leaching after BR smelting/roasting
High REE/Sc recoveries can be obtained Intense acidic conditions needed due to mineral acid resistant phases such as perovskite,
formed during pyrometallurgical treatment of BR
Slightly higher REE concentration from BR Extra treatment steps such as generation of amorphous slag and grinding to reduce
particle size are needed (in case of smelting)
Low concentration of Fe into solution Silica gel formation hampers treatment and must be avoided during acid leaching
Potential Ti (and Al) co-recovery
Table 3 Typical analysis of leaching residue obtained in NTUA after selective extraction of REE, Ca, Na, and moderate Al extraction [38]
%wt Fe2O3 Al2O3 TiO2 SiO2 CaO Na2O LOI
BR 42.6 25.1 5.0 5.3 9.1 2.0 10.0
Residue after pre-treatment 56.1 12.3 7.5 6.5 0.1 – 7.8
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smelting using an electric arc furnace (EAF), the iron
content of BR can be extracted as pig iron and sold as steel
scrap substitute (price 300-EUR/t) to the secondary steel
industry. BR trace elements like V, Cr, and Ni, which are
of great value to the iron/steel industry, are collected in the
produced melting iron phase. The EAF carbothermic
smelting technology was developed in the EC-funded
ENEXAL project [12] (Fig. 4), which resulted in pig iron
metal product the composition of which is presented in
Table 4. The pig iron produced was suitable for the sec-
ondary steel industry as a 15 wt% scrap substitute in EAF
processing. Larger BR pig iron utilization as scrap substi-
tute would be disruptive to steel mill operations, as the
minor elements of the BR pig iron (Cr, V, S, P…) would
produce steel outside of the required specifications for
typical applications like steel rebars. However, given the
size of the iron and steel market, the secondary steel
industry could absorb all the BR pig iron even at low-scrap
substitute rates.
The ENEXAL process for the BR treatment resulted in a
process with 32% exergy utilization efficiency [1] and
improved the overall exergy utilization efficiency of the
alumina plant by 14 percentile points. Yet if—as is the case
in Greece—coal-based electricity is used to power the EAF
smelting, then the exergy efficiency of the BR treatment is
halved (16%), as electricity from non-renewable sources is
an exergy-expensive resource. In addition, as electricity is
an expensive commodity, the total operational cost of the
ENEXAL process is high (electricity cost accounts for 33%
of the total cost) rendering the process marginally
profitable.
With further optimization and technological innovation
of the iron production process, one could control the
presence of secondary elements in the alloy and produce
directly cast iron alloys (i.e., gray cast iron) which are sold
at significantly higher prices (i.e., 1000–1300 EUR/t).
Slag Engineering for Building Products
The carbothermic smelting of BR can utilize up to 60% of
the total weight of the BR, leaving behind an Al, Ca, Si-
rich slag phase, an indicative chemical composition of
which is presented in Table 5. The valorization of this
material is essential in creating both an economically and
environmentally viable BR treatment process. The slag
Fig. 4 ENEXAL flow sheet for
1 t of BR processing in dust-
treating EAF (batch processing
trials, BR filtercake dried to
below 2% in static bed dryer,
dust collected in the bag filters
has similar composition with the
feed and can be recycled in the
EAF) [6]
Table 4 Iron alloy composition
Element (%) Fe C Mn Si P S Ni Cr V Cu
ENEXAL BR pig iron 92.30 4.25 0.09 1.89 0.22 0.05 0.21 0.57 0.41 –
Average steel scrap 98.56 0.09 0.06 0.01 0.02 0.06 0.12 0.11 0.01 0.37
Gray cast iron alloy 92.78 3.40 0.5 1.80 0.20 0.07 – 0.35 0.15 –
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produced in comparison to the initial BR would be essen-
tially free of moisture and chromium content, thus
removing key technological barriers for its use in the
cement industry (also approximately half the soda content
of the BR is removed in the gaseous phase and is found
condensed at the EAF’s bag filters). This is a bulk, rela-
tively low-value application which can absorb all the slag
produced, ensuring a zero-waste process. In addition, based
on its composition and especially its high alumina content,
with appropriate hot or cold engineering, this slag could
also be used as a raw material for higher added value
products like mineral wool, aluminate cements, and
geopolymers [48–50]. Such products have much more
limited markets, which could absorb a small portion of the
BR slag, but would help strengthen the economic aspects of
the process.
In the ENEXAL project, the production of mineral wool
products from the slag of the BR using EAF (Fig. 5) was
demonstrated [12]. The wool produced had a thermal con-
ductivity coefficient of k = 0034 W/mK (UNI EN 12667),
similar to the market insulation product, and superior
mechanical resistance due to its unique chemical composi-
tion: high Al2O3 and TiO2 context in comparison to typical
products. Given that 85% of the energy in mineral wool
production is associatedwith the initialmelting of themineral
raw materials, in situ co-production of mineral wool during
the carbothermic reduction of BR results in both a significant
environmental and economic advantage for the industry.
Apart from the cement industry, BR has been used
directly in geopolymer development [49]. Geopolymer-
ization is a rapidly developing and innovative technology
[51], which utilizes solid aluminosilicate materials to pro-
duce a wide range of revolutionary materials, i.e.,
‘‘geopolymers,’’ which can further add to the range of
added value BR slag products. Despite the number of
studies concerning the use of BR as an aluminosilicate
source for developing geopolymers, BR is limited as an
aluminosilicate source for geopolymerization because in
sodium hydroxide solutions only a small portion of its
aluminosilicate phases can be dissolved. Therefore, in all
cases, BR was used either as filler in geopolymers pro-
duced from other aluminosilicate sources, such as fly ash,
rice husk ash, metakaolin, and slags [52], or after thermal
processing [53–55].
In contrast, the produced BR slag from the Mud2Metal
flow sheet would be effectively dissolved in sodium
hydroxide solutions as it is an amorphous aluminosilicate
matrix, the composition of which can be regulated through
appropriate flux additions, to produce optimum geopoly-
mer precursors. Additionally, alumina refineries have
access to caustic soda at competitive price; thus the pro-
duction cost can be suppressed. Moreover, it is possible
that streams from the process itself can be utilized [56].
Economic aspects
The most crucial and defining aspect for the application of
an integrated processing flow sheet like the one described
in this work is its financial viability. An indicative pro-
duction scenario is shown schematically in Fig. 6, where
REE and iron production are based on the production
Table 5 Slag products’
composition
%wt Al2O3 CaO MgO SiO2 TiO2 FeO Na2O
ENEXAL BR slag 33.5 22.5 7.6 25.0 5.4 1.0 1.5
Typical blast furnace slag 7–16 32–45 5–15 32–42 – 0.1–1.5 –
Calcium aluminate cement 36–42 36–42 0.1 3–8 \2 12–20 0.1
Typical slag wool products 5–16 20–43 4–14 38–52 0.3–1 0–5 0–1
Refractory ceramic fibers 35–51 \1 \1 47–54 0–20 0–1 \1
Fig. 5 Smelting of BR for producing pig iron and mineral wool
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efficiencies set out as[85 and[95%, respectively, while
the slag products are chosen arbitrarily based on respective
market sizes, product transport limitations, and competi-
tion. Usual production capacity for mineral wool plants is
between 60,000 and 120,000 t per year and for aluminate
cement plants between 40,000 and 120,000 t per year.
Table 6 presents the prices of the various products that
can be produced through the proposed flow sheet along
with a first estimation of the relative processing costs
(OPEX) based on the results and experience from pilot
plant studies [12, 30]. In accordance with the results, the
operational cost for the EAF carbothermic smelting of BR
and the slag processing for mineral wool production is
320 EUR/t of BR. Similarly, the operational costs of the
developed process for Sc/REE selective extraction from
BR are expected to be about 150 EUR/t of BR, for pro-
ducing separate oxides of up to 95% purity. Further refin-
ing of such oxides to produce 99.99% grades would
approximately double or even triple the above-mentioned
processing cost. The slag geopolymerization costs are
estimated at 56 EUR/t of product produced. Based on these
figures and the current market prices, two financial sce-
narios to evaluate the operational margin of the flow sheet
are made. The ‘‘optimistic’’ scenario considers the
achievement of all technological objectives, producing cast
iron (1000 EUR/t), a 99.0% scandium oxide (sold between
500 and 1000 EUR/kg), high-quality mineral wool
(800 EUR/t), alumina cement (500 EUR/t), geopolymer
composite building products (200 EUR/t), and slag cement
(20 EUR/t). The pessimistic scenario assumes that only pig
iron suitable for steel scrap substitute (300 EUR/t), a low-
purity scandium oxide concentrate (assumed to be sold at
500 EUR/kg), lower-quality mineral wool (600 EUR/t),
and aluminate cement additives (300 EUR/t) are produced.
No geopolymer products are sold, and the remainder slag is
used as cement meal or aggregates producing no net rev-
enues for the alumina industry. In both the scenarios, the
other REEs are sold as mixed REE oxides concentrate
(6–8 EUR/kg). As shown in Fig. 7, the optimistic scenario
results in a 140 million EUR annual operational margin
(total revenues minus OPEX), while the pessimistic sce-
nario yields 112 million EUR annual negative operational
margin.
The Mud2Metal flow sheet could provide a zero-waste
valorization solution for the BR, which can be even made
Fig. 6 Indicative products to be generated annually from Greek BR
Table 6 Economics of BR processing annually
Product Amount produced (t) Market price (EUR/t) OPEX (million EUR)
Iron product (209,000 t per annum)
Iron product 209,000 300–1000 210
Slag products (300,000 t per annum)
BR mineral wool 60,000 600–800 14
BR aluminate cements 50,000 300–600
BR geopolymers 80,000 100–200
BR slag cement/raw material for industry 110,000 0–20
REE products (1038 t per annum)
Sc2O3 (99%) 136 500–1000 105
Mixed REO concentrate 902 6–8
Fig. 7 Expected revenues under the two extreme scenarios of the
Mud2Metal flow sheet compared to a projected OPEX, which for the
purpose of this exercise is considered to be invariant in both cases
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profitable for the industry given the high added value
products emerging (Fig. 7).
Furthermore, should Sc2O3 be upgraded to Sc metal,
then the latter could be combined with the aluminum metal
product of the industry and produce the highest added
value product possible from BR, Al–Sc master alloy. In
such a case, the 136 t of Sc2O3, contained within the
annual BR production of AoG, would produce 4450 t of
Al–Sc master alloy (2 wt% Sc) the market price of which
in 2013 was 150 EUR/kg (with large-scale production, one
can expect the price of the alloy to reduce by the levels of
50–100 EUR/kg).
Next Steps
Figure 8 presents a graphical representation of the gener-
alized concept. It is evident that the suggested process
would lead to an industrial symbiosis scenario that is
expected to stimulate economic growth. Obviously, each
BR differs in chemical composition (especially more so, in
trace elements like REE and Sc); therefore, the flow sheet
presented here is not a universal solution. Furthermore,
there are still technical, but predominantly non-technical,
barriers, which need to be overcome before a lab-scale
successful technology becomes an industrial reality. An
overview of such challenges has been recently presented in
detail elsewhere [7].
Conclusions
BR has been the biggest environmental issue of the
alumina industry and is a field of intense scientific
research to develop technologies that will allow its
treatment. As focusing on a single application for the
residue has failed to deliver a solution, the Mud2Metal
concept proposes multiproduct valorization of the resi-
due. The preliminary study presented here shows that the
technology exists for a combined processing flow sheet
which would result in nearly 100% BR utilization. In
terms of economy, the iron and scandium content in the
Greek BR seem to play the most crucial role in the
process. Further development of added value products
such as cast iron alloys, special cements, mineral wool,
and Al–Sc master alloys holds the key for increasing
revenues from BR, thus enabling a cost-effective and
almost a zero-waste treatment.
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